Congenital nephrogenic diabetes insipidus: what can we learn from mouse models?
Aquaporins (AQPs) are central players in mammalian physiology, allowing efficient water transport through cellular membranes. To date, 13 different aquaporins have been identified in mammals (AQP0-AQP12). Knocking out genes in mice and identification of mutations in the human genes provided important information on the role of AQPs in normal physiology. While the physiological role of many AQPs only becomes clear when the putative function is challenged, the lack of AQP2 directly results in a disease phenotype. Aquaporin 2 is highly expressed in the principal cells of the renal collecting duct, where it shuttles between intracellular storage vesicles and the apical membrane. Upon hypernatraemia or hypovolaemia, the antidiuretic hormone vasopressin (AVP) is released from the pituitary into blood and binds to its type 2 receptor on renal principal cells. This initiates a cAMP signalling cascade resulting in the translocation of AQP2-bearing vesicles to the apical membrane. Subsequently, pro-urinary water reabsorption and urine concentration occurs. This process is reversed by a reduction in circulating AVP levels, which is obtained with the establishment of isotonicity. In humans, mutations in the AQP2 gene cause congenital nephrogenic diabetes insipidus (NDI), a disorder characterized by an inability to concentrate urine in response to vasopressin. Until the recent development of several congenital NDI mouse models, our knowledge on AQP2 regulation was primarily based on in vitro studies. This review focuses on the similarities between the in vitro and in vivo studies and discusses new insights into congenital NDI obtained from the mouse models.